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ABSTRACT
Haartz, Eric R . , M.S.,  Winter, 1979 Geology
The Petrology and Origin of the Camp Creek Corundum Deposit,  
Southwest Ruby Range, Montana u (60 pp.)
D irector:  David A l t
The Camp Creek corundum deposit occurs on a ridge crest in the WSW 
corner o f  the Ruby Range, about one kilometer west of  the Crystal 
Graphite Mine. Pre-Belt ian rocks, mostly of  the metasedimentary 
and metavolcanic Cherry Creek group underlie the area and have a 
depositional age probably exceeding 2.5 b i l l io n  years. The rocks a t  
the study area underwent a t  least  one episode of high-grade regional 
metamorphism. Maximum pressure/temperature conditions varied be­
tween the uppermost amphibolite facies and lower g ranu li te  facies in 
a system undersaturated with respect to water. A subsequent r e t r o ­
grade metamorphism in the greenschist fac ies ,  accompanied by the 
introduction of water, p a r t i a l l y  a l tered  the high-grade rocks.
F o l ia t ion  dominates the structure of  the area. I t  s tr ikes northeasterly  
and dips moderately NW. Two sets of  folds deform the f o l i a t i o n ,  but 
not extensively.
The sequence at the study area consists of  the following l i th o lo g le s  
in order from s t ru c tu ra l ly  lowest (SE) to highest (NW): 1) g ra n i t ic
gneiss with minor b io t i t e ;  2) b io t i t e  gneiss, lo c a l ly  garne t i fe rous;
3) marble, pure and impure; 4) corundum gneiss; 5) amphibolite;
6) marble; 7) hornblende gneiss.
Detailed mapping on 1:400 scale shows that  the corundum gneiss forms 
a d iscre te ,  local ized  la y e r ,  concordant with surrounding layers and 
f o l i a t i o n .  The contacts between the gneiss and adjacent units are  
sharp. The unit  probably underwent isochemical metamorphism except 
fo r  possible boron metasomatism. Modal analyses and oxide estimations  
indicate compositions s im ila r  to those of kaoli n i t i e  to bauxit ic  
clays. The corundum gneiss probably developed as a clay layer in a 
small topographic basin on a carbonate rock surface during an in terva l  
o f  nondeposition and subaerial exposure of Cherry Creek sediments.
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CHAPTER I 
INTRODUCTION
A series o f  pre-Belt ian  c r y s ta l l in e  rocks underlies most o f  the Ruby 
Range o f  southwestern Montana. The major grain of  these northwest-dipping 
rocks p a ra l le ls  the northeasterly trend of the range. Three groups com­
prise the sequence:
1) Pre-Cherry Creek gneisses and schists form the s t ru c tu ra l ly  
lowest group and underlie the southeast f lank of the range:
2) An extensive g ra n i t ic  gneiss u n i t ,  the so-called "Dillon  
Granite gneiss" underlies the crest of the range. While the 
o r ig in  of the gneiss remains in question, f i e ld  re lat ionships  
suggest that  they are metasediments (Garihan and Williams 1976);
3) The s t ru c tu ra l ly  highest Cherry Creek group, outcropping on 
the northwest f lank  of the range, consists of  a va r ie ty  of  
metasediments and metavolcanics.
Chronology of the pre-Belt  metamorphics remains inconclusive.
G i l e t t i  (1966) presents t h i r t y - s i x  metamorphic cooling dates, mostly 
from micas, which show three age clusters near 1 .6  b i l l io n  years ( b . y . ) ,  
2.6 b .y .  and 3.2 b .y .  He concludes that  at  least  the pre-Cherry Creek 
gneisses may exceed three b i l l i o n  years in age. King (1976, p. 48) 
suggests th a t  both groups represent the same o r ig ina l  terrane o f  
Precambrian W age ( ^ 2 . 5  b .y . )  with younger ages result ing from a
Precambrian X (Hudsonian) age metamorphic event.
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The Camp Creek corundum deposit occurs within the metasediments 
and metavolcanics of the Cherry Creek group. Detailed mapping and 
pétrographie work shows that  the corundum occurs in a d iscrete  local layer  
of sedimentary or ig in  l a t e r  subjected to deformation and isochemical meta­
morphism (except fo r  possible boron metasomatism). Modal analyses and 
oxide calculations reveal compositions that  range from impure kaoli n i t i e  
to bauxit ic  clays.
Location
The study area l ie s  in the southeast quarter of  Section 25 and the 
northeast quarter of  Section 36 of T .8 S . ,  R.8W. a t  the southwest end of  
the Ruby Range, Beaverhead County Montana (Ashbough Canyon 7 1/2 mimute 
quadrangle) (F ig.  1 ) .  The corundum deposit straddles a northeast trending  
ridge a t  2170 meters (7100 f t . )  e leva t ion ,  ju s t  600 meters southwest of  
the Crystal Graphite m i l l  s i te  (Fig. 2 ) .
Access
A rough but serviceable road provides access to the graphite m il l  
from the Blacktai l  Va lley .  A recent bulldozer road extends to the corundum 
deposit. I t  is necessary to obtain trespass permission from local land 
owners.
Previous Work
Peale (1896) defined the Cherry Creek group in the Gravelly  Range. 
Although the Crystal Graphite mine and surroundings were studied in the
R.9W. R .7  W.R. 8 W. R.6 W.
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Figure 2. Map of study area showing topography. Larger out l ine  
is area o f  P late  2 while the smaller,  s t ippled area 
indicates the extent o f  Plate 1. Contour interval  is 
100 fe e t .  Modified from U.S.G.S. Ashbough Canyon 7 1/2  
minute quadrangle.
ear ly  1900's (Winchell 1914), the corundum deposit remained undiscovered 
u nt i l  1949 when Heinrich (1950) described and mapped i t s  occurrence. 
Heinrich (1960) mapped the pre-B elt ian  rocks o f  the Ruby Range including  
the study area and published a short a r t i c l e  on the t h u l i t e  in the deposit  
(Heinrich 1964). Okuma (1971) examined the s tructure  and petrology of the 
southwestern Ruby Range.
Present Work
During the summer of 1978 I remapped the corundum deposit on a scale 
of  1 :400 (P late  1) and a surrounding area of about one square kilometer  
at  1:2500 (P la te  2) scale using an enlarged portion o f  the U.S.G.S. 7 1/2  
minute map as a base fo r  the l a t t e r .  Sampling fo r  pétrographie work was 
done in October, 1977. I examined eighty-seven th in  sections and made 
point counts on slabs of eight representative samples o f  corundum gneiss 
fo r  modal analyses and oxide ca lcu la t ions .
Economic Potentia l
The corundum deposit was i n i t i a l l y  examined as a potentia l  source of  
natural ind ustr ia l  abrasive but i t s  small s ize and the a v a i l a b i l i t y  of  
synthetic abrasives render i t  uneconomical. Recently f u t i l e  attempts have 
been made to e x tra c t  gem q u a l i ty  corundum from the gneiss, however none 
ex is ts .
CHAPTER I I  
CHERRY CREEK GROUP AND OTHER ROCKS
A v a r ie ty  o f  l i th o lo g le s  comprise the Cherry Creek group. The 
major types include:
1) hornblende gneiss and amphibolite
2) marble and c a l c - s i l i c a t e  gneiss
3) s i l l im a n i te  gneiss and schist
4) pyroxene gneiss and schist
5) b io t i t e  gneiss
6) mica schist
7) q uartz i te
8) banded iron formation.
The group also hosts an assortment of  minor l i th o lo g ie s  including the 
corundum gneiss. Garnet-bearing b io t i t e  gneiss, hornblende gneiss, marble 
and c a lc - s i l i c a t e  gneiss dominate the Cherry Creek l i th o lo g ie s  in the study 
area. Gran it ic  gneiss ("D i l lon  Granite gneiss") ,  diabase and ultramafic  
rocks also occur in the study area.
Granit ic  Gneiss
G ranit ic  gneiss ("D i l lo n  Granite gneiss" of  Heinrich 1960; Okuma,
1971; Garihan 1973) dominates the sequence s t r u c tu r a l ly  beneath the 
corundum gneiss. I t  also occurs in small l e n t ic u la r  bodies with in  the 
hornblende gneiss to the northwest. I t  forms sporadic but prominent
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outcrops which are commonly well f o l i a t e d .  Color varies from l ig h t  gray 
to orange-brown depending on the content of  mafic minerals. Two 
l i th o lo g ie s  predominate: a) pink to orange quartzofeldspathic gneiss;
b) b io t i te -q u a r tz - fe ld s p a r  gneiss. They correspond to Okuma's (1971) 
quartz - fe ldspar gneiss and b io t i te - fe ld s p a r -q u a r tz  gneiss respect ive ly .
Thin ( <  5mm) but prominent gneissic banding dominates the textures of  
the rocks.
Within the deta i led  study area the gneiss is  represented by a white to 
l ig h t -g ra y ,  coarse-grained quartzofeldspathic gneiss. In outcrop, the 
large feldspar (usually orthoclase) blebs and strung-out quartz masses 
are d is t in c t iv e .  Because i t  grades into b io t i t e  gneiss near the top, I 
did not map i t  as a separate u n i t  on the large-scale  map (P late  1) .
Thin section study o f  the l ig h t  gray gneiss reveals that  i t  consists 
c h ie f ly  of orthoclase, plagioclase (An^g with variance between An^^ and 
An^g) and quartz. Also present are b i o t i t e ,  garnet and, r a r e ly ,  hornblende 
Accessories include a p a t i te ,  r u t i l e ,  zircon and iron and titanum oxides. 
White mica, z o is i t e  and penninite comprise the a l te ra t io n  minerals,  
Microperth ite  has developed in the orthoclase as th in  str ings or ,  less 
commonly, as blebs.
On microscopic scale ,  quartz occurs as strung-out masses about one to 
f i v e  m il l im eters  th ic k ,  wrapping around fe ldspar masses (F ig .  3 ) .  Ovoid 
porphyroblasts of orthoclase punctuate the rock, reaching four centimeters 
in the elongate d irec t ion  and a thickness o f  two centimeters. R e la t ive ly  
few garnets e x is t  in the g ra n i t ic  gneiss and do not exceed e ight m i l l i ­
meters in diameter.
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Figure 3. Sketch of g ranuli te  texture  in granite  gneiss.
K-spar (orthoclase) is stippled and plagioclase  
is unshaded. Surrounding rockmass consists of  
strung-out quartz , minor b io t i t e  and some minute 
feldspar grains. Approximately f u l l  s ize .
B io t i te  Gneiss
Garnet-bearing b i o t i t e  gneiss s t ru c tu ra l ly  underlies the corundum 
layer and adjacent marble. I t s  exposure consists of  scattered small 
outcrops with very prominent f o l i a t i o n .  Although dominantly gneissic,  
th is  unit  commonly contains well developed sch is tos ity .  The color o f  the 
unit  varies from black or dark purple on clean or fresh surfaces to l ig h t  
brown on some weathered surfaces. Porphyryblasts of  feldspar and garnet  
dot the f o l i a t io n  surfaces, the feldspar knots imparting a mottled appearance
Quartz, orthoclase,, plagioclase (An^g to Ao^q ) and b io t i t e  dominate 
the rockmass while garnet,  s i l l im a n i te  and ra re ly  hornblende and muscovite 
occur in minor amounts. The ubiquitous retrograde minerals white mica, 
z o is i te  (and some c l in o z o is i te )  and c h lo r i te  (as both cl inochlore and 
penninite) also occur as minor phases. A p a t i te ,  iron and t i tanium oxides,  
sphene and z ircon* comprise the accessory minerals. Orthoclase usually  
contains str ing  microperth ite  but a few grains contain la rger  p e r t h i t ic  
blebs. In one sample, these blebs show twofold alignment, probably de­
veloped along crysta l lograph ic  d irec t ions .
Fracturing and S-shaped t ra in s  of inclusions in garnet and t ra ins  of  
white mica in rounded feldspar porphyroblasts a t te s t  to the ro tat ion  of  
these minerals. Since white mica commonly develops f i r s t  along p a r t ic u la r  
crystal lographic planes (such as twinning planes in p lag ioc lase) ,  I in fe r  
tha t  the t ra ins  o f  white mica developed along crystal lographic planes of
*Zircon in the g ra n i t ic  gneiss, b io t i t e  gneiss and corundum gneiss 
is anhedral and shows no overgrowths.
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porphyroblasts which grew during deformation and ro ta t io n .  Garnets, 
where not badly corroded, contain p o ik i lo b la s t ic  inclusions o f  quartz and 
fe ld sp ar ,  in some cases throughout the porphyroblasts, in others concen­
tra ted  in the center.  These features apparently developed from ro tat ion  
o f  the porphyroblasts between f o l i a  during shear-deformation o f  the b io t i t e  
gneiss.
Marble
Marbles o f  varied mineralogy form a prominent unit  w ith in  the Cherry 
Creek sequence. They occur adjacent to the corundum gneiss, both s t r u c tu r a l ly  
above and below and are extensively  inter layered with hornblende gneisses 
to the northwest of  the study area. Although marble tends to form long 
bands o f  outcrop, i ts  s u s c e p t ib i l i ty  to deformation resul ts in highly  
var iab le  thicknesses (Fig. 4 ) .  Although i t  ra re ly  forms prominent outcrops, 
the marble does form d is t in c t iv e  l ig h t-c o lo re d  rubble and low outcrop, 
esp ec ia l ly  on ridge crests. The rubble consists o f  ra ther  granular masses 
as much as several centimeters across. Well developed compositional 
banding probably represents o r ig in a l  bedding (Heinr ich ,  1960; Okuma, 1971).
On the ridge northwest o f  the corundum deposit a sugary, f ine -gra ined  
marble several tens of meters th ick  forms an obvious white band which 
also outcrops along the access road to the graphite mine and study area.
Brown, punky, ta lc -bear ing  marble forms the large body about 25 to 
40 meters below the corundum gneiss. This u n i t  contains abundant evidence 
of the extent  o f  deformation in the marble. The rock forms extensive.
11
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Figure 4. Outcrop view o f  contorted compositional layering  
in marble. Wrench is about 15 cm long.
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rounded outcrop. As a re su l t  o f  weathering i t  is so rotten that  samples 
su itab le  fo r  th in  section study cannot be obtained.
The marble adjacent to the corundum gneiss varies from carbonate to 
c a lc - s i l i c a t e  rock. In most of  the th in  sections I examined, c a lc i te  
forms the dominant carbonate phase. Although not common in the Cherry 
Creek marbles (Heinrich,  1960), the c a lc i te  occurs in medium to coarsely  
granular masses and rhombs which become three centimeters th ick .  In the 
c a lc - s i l i c a t e  rocks diopside forms the major s i l i c a t e  phase. Amphibole, 
usually t re m o l i te ,  occurs in subordinate quant i t ies .  Quartz and p lagio­
clase are subordinate phases in a few samples. Sphene and zircon comprise 
the most common accessories. One sample contains the remnants of garnet 
(probably g r o s s u la r i te ) . Iron and i ron-t i tan ium  oxides are common.
The marbles and c a lc - s i l i c a t e  rocks host a va r ie ty  of a l te ra t io n  
minerals. In addition to the ever-present white mica and epidote (mostly 
z i o s i t e ) ,  the rocks contain at  least  two types of c h lo r i te :  penninite  
and c l inochlore .  Both c h lo r i te s  may ex is t  within one th in  section.  
Locally ,  t a lc  forms an important a l te ra t io n  phase. Serpentine occurs 
in patches and v e in le ts ,  the l a t t e r  developed only adjacent to the diabase 
dikes. According to Okuma (1971, p. 18) the serpentine represents contact 
a l te ra t io n  resu l t in g  from intrusion of the diabase dikes which may account 
fo r  the ve in le ts  but doesn't explain the patches. Some patches c le a r ly  
have developed by a l te ra t io n  o f  diopside.
The well developed compositional layering seen in outcrops, and some­
times in hand sample, usually does not show in th in  section. Carbonate
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grains usually occur in an equigranular in te r lock ing  mass. Diopside 
and amphibole ra re ly  impart a fo l i a t io n  on microscopic scale.
Hornblende Gneiss
Hornblende gneiss occurs extensively in the sequence s t ru c tu ra l ly  
above the corundum gneiss and dominates the northwest h a l f  o f  the 1:2500 
map area. At the corundum deposit,  i t  forms a continuous unit  underlying 
the northwest f lank of the ridge. I t  also occurs as le n t ic u la r  bodies 
throughout the g ra n i t ic  gneiss (while g ra n i t ic  gneiss occurs in some lenses 
in areas mapped as hornblende gneiss).  The dominant rock type consists 
of stubby black crysta ls  of  hornblende, plagioclase (An^Q to An^o), b i o t i t e  
and, r a r e ly ,  quartz. Secondary minerals include c h lo r i t e ,  white mica, 
epidote and c a lc i t e .  A p a t i te ,  magnetite, sphene and zircon comprise the 
accessory minerals. In general the a l te ra t io n  to retrograde metamorphic 
minerals is not extensive.
Hornblende gneiss occurs as blocky to slabby outcrops. Exposure is 
good on ridge crests and south-facing slopes where prominent outcrops 
commonly e x is t .  Although homogeneous and well fo l ia te d  on outcrop scale ,  
these charac ter is t ics  change on small scale (o f  less than a few c e n t i ­
meters),  where pinch and swell and minor o f fs e t  o f  f o l i a  developed. 
Hornblende-rich and p lag io c lase -r ich  layers impart f o l i a t i o n ,  some of  
which contain abundant b i o t i t e .  Locally the gneiss contains up to f iv e  
percent garnet which is also concentrated in p a r t ic u la r  f o l i a .  The th ic k ­
ness of hornblende gneiss bodies varies considerably but ranges to more 
than 100 meters.
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Amphiboli te
Amphibolite lenses s t ru c tu ra l ly  o ver l ie  the corundum layer  and 
nowhere exceed one meter in thickness. An amphibolite layer  in the south­
west h a l f  o f  the study area grades into hornblende gneiss toward the 
southwest, before pinching out. The lenses over the corundum gneiss may 
represent the same unit  in spite of  the d iscontinuity  between them. The 
amphibolite forms low but d is t in c t iv e  bands o f  well fo l ia te d  black rock 
with parting p a ra l le l  or subparallel to f o l i a t io n .  Grain size ranges 
from f in e  to medium. Minerals recognizable in hand sample include black 
hornblende, p lagioclase,  and c a lc i te  as fracture  f i l l i n g .  B io t i te  is 
v is ib le  lo c a l ly .  Hornblende dominates the rock (about 70% to 90%) while  
subordinate p lagioclase,  b io t i t e  and c a lc i te  occur in varying amounts up 
to ten percent. Anhedral zircon grains range from trace amounts to f iv e  
percent of  the rockmass. Magnetite, apati te  and quartz form the usual 
accessory minerals. The ubiquitous retrograde minerals,  white mica and 
cl inochlore are developed lo c a l ly .  The primary equil ibr ium minerals range 
from sub- to anhedral with i r re g u la r  to s tra igh t  grain boundaries. T r ip le  
junctions are common. Contacts o f  the amphibol i tes are sharp and con­
cordant to surrounding f o l i a t i o n .  Bielak (1978) discusses the amphibolites 
of  the Winnipeg Creek area in d e t a i l .
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Quartzite
Quartz ite  crops out in low, discontinuous ribs in a lens-shaped body 
about 500 meters NNE of the study area. The rock is dark gray to gray-  
green and contains minor amounts o f  muscovite, magnetite and some fe ld s ­
par. Fo l ia t ion  may coincide with bedding surfaces.
Within the study area, near the northeast end of the corundum gneiss 
layer  a small lens of q u a r tz i te  occurs w ith in  b io t i t e  gneiss. I t  forms 
a ten centimeter th ick  r ib  o f  ground-level outcrop for  several meters. 
Total s t r ik e  length of the unit  is less than f i f t e e n  meters. In addit ion  
to quartz,  the rock contains muscovite and feldspar.  The mica imparts 
a f o l i a t io n  while the quartz gives the rock a translucent gray appearance. 
The unit  is too small to map.
Diabase
At least  two diabase dikes cut across the ridge and corundum gneiss 
within the study area. Small branches splay o f f  the main dikes and may 
anastomose between them but are too obscure to map. The rock weathers 
e a s i ly  forming a rubble of angular to spherical blocks which ra re ly  exceed 
ten centimeters in any dimension. A few fractured outcrops occur on the 
southeast f lank of the ridge. The la rg e r  dike s tr ikes  N50°W and is  
ve rt ica l  with a thickness not exceeding f iv e  meters. The smaller d ike,  
about two meters th ic k ,  s tr ikes  N50°W and dips steeply northeast.
The brown-weathering diabase consists o f  plagioclase, augite and 
subordinate amounts of magnetite and c a lc i t e .  Chlor ite  and white mica 
formed at  the expense of augite and plagioclase respectively  during
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retrograde metamorphism. The f in e  to medium-grained rock displays  
an o ph it ic  tex ture .  Plagioclase varies from euhedral laths to anhedral 
grains. Augite grains are anhedral. Magnetite occurs as sub-to 
euhedral grains and as needles forming a prominent la t t icework  in the rock 
in most o f  the samples examined (F ig .  5 ) .  Minerals present in minor or 
trace amounts include a p a t i te ,  quartz and hematite.
Mafic and Ultramafic Rocks
Mafic and ultramafic  rocks crop out in pod-like masses in several 
locations in the 1:2500 map area. They usually occur as black or dark 
brown, coarsely granular rocks lacking f o l i a t io n .  They were probably 
te c to n ic a l ly  emplaced into the Cherry Creek metasedimentary-metavolcanic 
sequence during prograde metamorphism (Desmarais, 1978).
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Figure 5, Photomicrograph o f diabase (sample #4828) showing
g r id - l ik e  network of magnetite needles. Plane l ig h t .
Field o f  view is 0 .9  mm across.
CHAPTER I I I
FIELD DESCRIPTION AND PETROGRAPHY OF THE CORUNDUM GNEISS
In sp ite  o f  i t s  resistance to weathering, the corundum gneiss forms 
only low broken outcrops. Large massive f lo a t  blocks of the gneiss mark 
the area o f  exposure, espec ia l ly  along the fenceline marking the section  
boundary. Many f l o a t  blocks have ro l le d  down slope southeast o f  the 
outcrop area. In outcrop, the rock varies from massive to gneissic 
(Fig. 6 ) .  Local ly ,  large amounts o f  b io t i t e  impart sch is tos ity .  A l­
though the b io t i te -p o o r  gneiss appears massive in hand sample and outcrop,  
close examination reveals poorly developed f o l i a t io n  due to compositional 
layering and o r ien ta t io n  of corundum and minor b i o t i t e  within the f o l i a ­
t ion plane. Usually only la rger  f l o a t  blocks and outcrops display the  
f o l i a t io n .  The color o f  the gneiss varies from milky white to lavender 
or brown (with abundant b i o t i t e ) .  On weathered surfaces, the rock may 
become yellow to brown. Where la rger  crystals occur, the gneiss is  
studded with the blue to gray corundum. The gneiss consists p r in c ip a l ly  
of  plagioclase, b i o t i t e ,  corundum, tourmaline, and associated retrograde  
metamorphic minerals.
The plagioclase is lab ra do r i te  (An^y) with a range from An^^ to An^g 
and commonly shows a lb i t e  twinning o r ,  less commonly, combined a l b i t e -  
carlsbad twinning. The grains are usually equidimensional and range in 
size from 0.5mm to 1mm. Grain boundaries range from s t ra ig h t  or gently  
curved to i r r e g u la r .
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Figure 6A. Block of plagioclase-corundum-biotlte gneiss 
with well developed corundum crysta ls .
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Figure 6B. Exposure of piagloclase-corundum-blotite gneiss in 
small prospect p i t .  Aluminum beer can fo r  scale.
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B io t i t e  in the fe ldspar-r ich  rock type occurs in random and en echelon 
masses. In the corundum-biotite schist i t  assumes i t s  normal habit  
with grains up to 0.5mm by 2mm in s ize .  Pleochroism is:  X = colorless
or pale ye l low; Y = orange or l ig h t  brown; Z = brown or deep red.
Corundum occurs in abundanteuhedral crystals  and, less comonly, 
as p a r t i a l l y  a l te re d ,  subhedral grains. They are usually fractured and 
uncommonly contain inclusions of magnetite or a l te ra t io n  minerals. A l ­
though barrel-shaped crystals predominate, long th in  crysta ls  ex is t  lo c a l ly  
Many crystals  are bent or otherwise deformed. Parting on [0001] is 
v is ib le  macroscopically but not in thin section while parting on [ l o T l ]  
shows up only under magnification. Many crysta ls  also show twinning 
which usually p a ra l le ls  [1011] parting (Figure 7) .  Many corundum crystals  
contain wel1-developed zoning caused by the presence o f  brown, h a i r - l i k e  
inclusions oriented in three d irections p a ra l le l  to prism faces (Fig. 8 ) .  
The inclusions, probably r u t i l e ,  impart a purple to reddish color to the 
otherwise blue corundum. Some crysta ls  give a b ia x ia l  negative i n t e r ­
ference f igure  ( 2 V <  10*) ra ther than the usual uniaxial  negative f ig u re .  
Twinning o f  the crystal may cause the b iax ia l  character (Deer and others 
1962, Vol. 5 ,  p. 14) .  A few crysta ls  contain inky blue blotches or zones.
Tourmaline comprises a minor but prominent phase in the fe ldspar-  
rich corundum rock. I t  occurs as sporadic, large crysta ls  and crystal  
masses (often tabu lar)  10 cm or more long and up to 2 cm th ick .  The 
crysta ls  are usually sub-to anhedral with pleochroism: £ '  = pale green 
to yellow;-ur' = green to dark ye l low. Cross fractures break the elongate 
prisms o f  tourmaline.
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Figure 7, Photomicrograph o f  corundum crystal showing
twinning. Crossed nichols. F ie ld  o f  view is 
3.6 mm across.
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Figure 8A. Photomicrograph o f zoning in corundum crystal in
plane l ig h t .  Plane o f th in  section is  p a ra l le l  to
[0001]. F ie ld  o f  view is 3.6 mm across.
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Figure 8B. Photomicrograph o f zoning in corundum crystal in
plane l ig h t .  Plane o f  th in  section is normal to
[0001]. F ie ld  o f view is 2.25 mm across.
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Several accessories e x is t  in the corundum gneiss, some o f  which vary 
considerably in amount. A patite  forms a common but inconspicuous con­
s t i tu e n t .  Iron and iro n -t ita n iu m  oxides e x is t  in a l l  samples and varied  
amounts of r u t i le  needles occur in close association with b io t i te  in 
many samples. Subhedral sphene grains form a common accessory throughout 
most o f  the corundum-bearing u n it .  In the th in  portion o f the corundum 
gneiss, toward the southwest end o f the lay er , sphene lo c a l ly  becomes a 
major phase. I t  occurs as subhedral to euhedral, wedge-shaped crysta ls  
1mm to 3mm long embayed and corroded by adjacent plagioclase and 
b io t i t e .  Zircon is a ubiquitous accessory throughout the corundum gneiss. 
Where i t  occurs w ith in  b io t i t e ,  an o liv e  green pleochroic halo (due to 
rad ia tion  damage) commonly surrounds i t .
Along contacts between the corundum-biotite gneiss and the garnet-  
b io t i te  gneiss, the mineralogy is gradational between the two over a few 
centimeters. Garnet occurs in the same rock with corundum in such cases. 
Three samples contain minor amounts (<5%) o f f ine -gra ined  s i l l im a n ite  
which exists in patches or fo l ia t io n  planes as d iscrete  grains or seg­
mented tra in s .
The corundum gneiss has suffered extensive a l te ra t io n  to a v a r ie ty  
o f hydrous minerals during retrograde metamorphism. F ine, scaly white 
mica ( s e r ic i t e ) ,  i r re g u la r  grains and masses o f z o is ite  (w ith some t h u l i t e )  
and small, i r re g u la r  patches o f  c a lc i te  a l l  formed from plagioclase.
B io t ite  a lte red  to c linoch lore  ( ra re ly  to p e n n in ite ),  magnetite and 
leucoxene. Margarite formed a t the expense o f corundum. In th in  section .
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margarite is  d i f f i c u l t  to d is tinguish  from white mica. Where present, 
i t  forms pronounced halos around corundum grains and has s l ig h t ly  higher 
r e l i e f  than the otherwise s im ila r  white mica.
D if fe r in g  abundances o f the major minerals impart a l i th o lo g ie  
va ria tio n  to the corundum gneiss. Corundum-plagioclase gneiss with minor 
b io t i t e  contains the la rg e s t and most abundant corundum crys ta ls . Locally  
th is  rock type contains large masses of tourmaline. Corundum concentration  
varies l a t e r a l l y  as well as between f o l i a .  Some layers contain as much 
as seventy-five  percent corundum while in others the content is  f iv e  per­
cent or less. The corundum crys ta ls  commonly measure 4mm by 10mm but may 
reach 10mm by 40mm. Feldspathic gneiss lacking corundum occurs i r re g u la r ly  
on the edges and along the th in  portions o f the corundum gneiss lay er .
Much of the un it consists o f piagioclase-corundum -biotite gneiss or schist  
of which b io t i te  may comprise more than fo r ty  percent o f the rock. Again 
corundum concentration varies between f o l ia  but w ith  less dramatic 
d iffe rence  than in the corundum-plagioclase gneiss.
CHAPTER IV 
ORIGIN OF THE CORUNDUM GNEISS
Aluminous rocks occur throughout the p re -B e lt ian  metamorphic 
complexes. Within the Ruby Range, widespread s i l l im a n ite  schists com­
prise a d is t in c t iv e  u n it (H e inrich , 1960). Although the Camp Creek deposit 
is the only known exposure of corundum bearing rock in the range, iden tica l  
placer corundum occurs a t  one lo c a l i ty  in the Sweetwater Basin where i t  
undoubtedly comes from the metamorphics. Corundum-(and s i l l im a n ite )  
bearing rocks are well known from three lo c a l i t ie s  in the p re -B e ltian  
c ry s ta l l in e  rocks o f the northern Madison Range (Clabaugh and Armstrong, 
1950; Clabaugh, 1952). Root (1965) describes corundum-bearing pegmatitic  
and gneissic rocks near the Indiana U n ivers ity  F ie ld  Station in the Pony 
area. S i l 1im anite -r ich  rocks are common throughout these c ry s ta l l in e  
sequences.
The following observations lead me to believe th a t  the corundum gneiss 
underwent isochemical metamorphism;
1) The gneiss occurs in a d iscrete  layer concordant with surrounding 
fo l ia t io n  and layers (P la te  1 ) .  In ternal fo l ia t io n  also p a ra l le ls  
the trend. The map pattern  shows th a t in te rf in g e r in g  o f the units  
c le a r ly  resu lts  from fo ld in g .
2) Contacts, where exposed, are sharp.
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3) There is no d e f in i te  evidence of major metasomatism.
The presence o f boron complicates the concept o f an isochemical 
metamorphic development o f the corundum gneiss. Boron, a d is t in c t iv e  
constituent o f  tourmaline, is c h a ra c te r is t ic  only in moderately aluminous 
marine clays, shales, sa line  and hypersaline evaporites, volcanic gasses 
and pegmatites (Krauskopf, 1967). Even the most abundant such occurrences 
would barely account fo r the boron present in tourmaline in the corundum 
gneiss. Shales ty p ic a l ly  contain 100 parts per m il l io n  (ppm) boron 
(Krauskopf, 1967, p. 592) while the corundum gneiss contains up to a few 
thousand ppm boron (Table 2 ) .  However, boron is very mobile and may have 
been introduced metasomatically during prograde metamorphism. I f  so, the 
corundum gneiss ev idently  provided the only chemically su itab le  host fo r  
the boron, in contrast to the other units  where l i t t l e  or no tourmaline  
(o r any other boron-bearing phase) developed.
Table 1 contains modal analyses o f e ight representative samples o f  
corundum gneiss. The percentages o f the four major minerals were obtained 
by point-counting slab surfaces. Percentages of accessory minerals repre­
sent visual estimates from th in  sections aided by the use o f a g r id . In 
compiling the analyses, retrograde minerals were assigned to the 
primary minerals from which they a lte re d .  The average o f samples probably 
does not represent a weighted sample w ith respect to the r e la t iv e  amounts 
o f plagioclase-corundum gneiss and plagioclase-corundum -biotite gneiss.
Such an average cannot be accurately  determined from the av a ilab le  exposure
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Table 1. Modal Analyses of Corundum Rocks
4819 4820 4821 4822 4823 4824 4825 4826 AVG.
Plagioclase 19.6 65.7 41.8 41.7 53.5 61 .5 85.0 1 0 . 8 47.5
B io t ite  59.0 15.7 5.3 4.4 4.1 18.2 1 2 . 8 42.0 2 0 . 2
Corundum 20.2 16.1 37.4 47.3 39.2 19.8 1 . 1 46.3 28.4
Toumaline — — 14.3 5.2 2 . 1 — — — — — 2.7
Magnetite 0 .6 0 . 1 0.5  0 .6 0.4 0 . 1 0 . 1 0.4 0.4
Ilm enite 0 . 1 0.2 0 .3 0 .3 — — 0 . 6 0.4 0 . 2
Zircon 0 .5 0 . 2 0 .4  0 .4 0 . 2 0.3 0 . 2 0 . 1 0.3
R utile  0.1 t r . 0 . 2  0 . 1 0 . 1 0 . 2 0 . 2 t r . 0 - 1
Sample descriptions:
4819: PIagioclase-corundum -biotite gneiss.
4820: B iotite-corundum -plagioclase gneiss.
4821: Corundum-plagioclase gneiss.
4822: Corundum-plagioclase gneiss.
4823: Corundum-plagioclase gneiss
4824: Plagioclase-corundum -biotite and corundum-plagioclase 
4825: Corundum-bearing plagioclase rock.
4826: Plagioclase-biotite-corundum  gneiss.
gneiss •
All samples taken from main part o f corundum deposit in v ic in i t y  
of prospect p its  (along fe n c e l in e ) .
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To f a c i l i t a t e  comparison o f the corundum gneiss to other aluminous 
rock types I estimated the percentages o f major oxides using the same 
method followed by Bielak (1978). Using an appropriate chemical analysis  
fo r  p lag ioclase, obtained from Deer and others (1962) the major oxides 
were p ro po rtion a lly  reduced. A f te r  fo llowing the procedure fo r  the re ­
maining minerals each oxide was to ta l le d .  As noted by Bielak (1978),  
the re s u lt  probably approximates a chemical analysis to w ith in  f iv e  to 
eight percent or b e t te r .
Table 2 contains the calcu lated  oxide data o f  the corundum gneiss. 
Alumina, s i l i c a  and iron vary considerably, as indicated. Foster (1962) 
presents chemical analyses o f corundum rocks from the northern Madison 
Range. Table 3 compares some of his analyses with data from Table 2.
Alumina and s i l i c a  vary w ith in  s im ila r  ranges as does sodium. The com­
positional estimates o f the Camp Creek rocks ind icate  considerably higher 
iron and calcium values and less potassium and titan ium  than the rocks from 
the Madison Range.
Table 4 compares the corundum gneiss oxide data with chemical analyses 
of aluminous clays. They are arranged in order of increasing s i l ic a  and 
decreasing alumina. Many o f the oxides o f corundum gneiss vary from those 
of the clays. The lo c a l ly  high concentrations of T i 0 2  in corundum and 
b io t i t e ,  not accounted fo r  in the pétrographie estimates o f those m inerals, 
may compensate fo r  the paucity o f  th a t  oxide in the gneiss values re la t iv e  
to those fo r  the c lays.
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Table 2. Petrographically  estimated oxide
Avg. of 
Modes 4822 4825 4826
SiOg 34.7 26.7 51 .7 21 .4
A I2 O3 46.1 60.8 27.1 57.0
FezOs 1 . 2 1 . 1 1 .3 1 . 1
FeO 3.4 1 . 1 2 . 2 6 . 8
MgO 2 . 6 1 . 1 1 .5 4.8
B2 O3 0.3 0.5 0 . 0 0 . 0
CaO 5.3 4 .8 9.1 1 .4
K2 O 1.9 0.5 1 .3 3.8
NagO 2 . 6 2 .3 4.6 0.7
TiOg 0.9 0 . 6 0.9 1 .5
HgO 0 . 8 0.3 0.5 1 . 6
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Table 3. Comparison o f petrograph ically  estimated oxide compositions 
o f rocks from the Camp Creek corundum deposit to chemical 
___________analyses o f corundum gneisses from the Madison Range._______
Av. o f  
th i s
Sample Report B49-13A B50-4E B50-4B 4825 B50-1/
SiOg 34.7 32.6 45.6 43.1 51.7 52.5
46.1 59.3 41.3 46.9 27.1 30.1
FezOs 1 . 2 t r t r t r 1,3 0.4
FeO 3.4 t r 0 . 1 t r 2 . 2 0.5
MgO 2 . 6 0 . 2 0.5 0 . 2 1 .5 4 .8
B2 O3 0 .3 — — — — —  — —— — —
CaO 5.3 0 . 2 0.4 t r 9.1 1 . 1
KgO 1 .9 3.7 4 .8 6 . 1 1 .3 4 .8
Na^O 2 . 6 2 . 8 4.5 0 . 2 4.6 4.5
I i 0 2 0 .9 1 . 1 2 .7 2.4 0.9 2 .7
HgO 0 . 8 0 . 1 0 . 1 1 . 0 0.5 0 . 1
Sample descriptions and locations from Foster (1962).
B49-13A Feldspathic gneiss (o rb ic u la r ) ,  Bozeman deposit.
B50-4E Fedspathic gneiss. Elk Creek deposit.
B50-4B S i l l im a n ite  s c h is t .  Elk Creek deposit.
B50-1A B io t i te  syenite gneiss (o rb ic u la r ) .  Elk Creek deposit.
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Table 4. Oxide comparison of curundum gneiss to aluminous clays
Clay
5
Clay
5 4822 B-1 4826 B-5 Kaol .
Clay
18
Clay
14 4825
SiO^ 4.1 1 1 . 2 26.7 23.0 21 .4 32.5 45.7 43.3 53.6 51 .7
A I 2 O3 75.5 67.9 60.8 58.5 57.0 46.5 39.8 38.2 29.2 27.1
FCgOs 1 .9 1 .7 1 . 1 0 . 6 1 . 1 0.4 0 . 1 1 . 6 2 . 2 1.3
FeO — — — — 1 . 1 —— 6 . 8 2 . 2
MgO 0 . 1 0 . 1 1 . 1 1 . 0 4 .8 0.7 — — 0 . 1 0.5 1 .5
CaO 0 . 2 0 . 2 4.8 0.4 1 .4 0.7 — — 0.4 0.5 9.1
% 2 0 1 . 0 1.7 0 .5 1.7 3.8 1 .4 0.4 0.5 1 . 2 1.3
NSfO 0.3 0.5 2 .3 0.7 0.7 2 . 1 0 . 2 0 . 1 0 . 1 4.6
TiO^ 3.1 3.1 0 . 6 2 . 1 1 .5 2.4 0.4 1 . 6 1 . 6 0.9
H2 O 0 . 1
(14 .3 )
0 . 1
(1 3 .7 )
0 .3 1 .2 
(13 .5 )
1 . 6 0.3
(13 .6 )
14.2 0 .4
(13 .5 )
0 .4
(10 .5 )
0 .5
H2 O values in parentheses are H2 O values before ig n it io n .
Sample descriptions of clays:
Clay 5: Diaspore c la y . Gasconade Co., Mo., R. T. Rolufs, analyst (McQueen
1948).
Clay 4: O o l i t ic  burley c la y . Gasconade Co., Mo., R.T. Rolufs analyst
(McQueen, 1948).
B-1 : Burley c la y . Gasconade Co., Mo., H. W, Mundt, analyst
(McQueen, 1948).
B-5: Burley c la y . Gasconade Co., Mo., H. W. Nundt, analyst (McQueen,
1948).
Kaol. :  K a o lin ite  (Kerr and others , 1950).
Clay 18: F l in t  c lay Gasconade Co., Mo., R. T. Rolufs, analyst (McQueen,
1948).
Clay 14: "Sem i-p lastic" c la y , Audrain Co., Mo., R. T. Rolufs analyst
(McQueen, 1948).
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The potassium content in the clays varies considerably but the 
value fo r  sample 4826 c le a r ly  exceeds the normal range. The potassium 
occurs p rim a rily  in the abundant b io t i te  of th a t sample. Whereas most 
of the iron oxide values compare well with the iron content o f the c lays, 
the b io t i te - r ic h  gneiss contains excess iron in the ferrous s ta te .  
Aluminous clays commonly contain more iron than indicated by the analyses 
shown here, however. CaO, MgO and Na2 0  in the gneiss s ig n if ic a n t ly  
exceed the range o f those oxides in the clays. The high calcium and 
magnesium concentrations may re s u lt  from the proximity o f carbonate rocks 
(marble) but b au x itic  clays associated with carbonate rocks usually con­
ta in  no enrichment of e i th e r  oxide.
In sp ite  of the discrepancies in CaO, MgO and Na^O the composition 
o f the gneiss strongly resembles that o f aluminum-rich c lay . Plagioclase  
hosts most o f the calcium and sodium while magnesium occurs c h ie f ly  in 
b io t i te  and tourmaline. Corundum-rich fo l ia  th a t contain r e la t iv e ly  
l i t t l e  plagioclase or b io t i t e  contain much less o f the anomalous t r io  
of oxides than the ca lcu la tions ind ica te  and b e tte r  approximate a 
bauxitic  clay such as diaspore. Both diaspore clays and corundum-rich 
fo l ia  may contain up to e ighty  percent A I2 O3 . Corundum-poor gneiss, 
exemplified by sample 4825, contains amounts o f s i l i c a  and alumina 
ch a ra c te r is t ic  o f kao li n i t i e  c la y .
Bauxites form by weathering and chemical breakdown o f minerals in 
aluminum-bearing rocks. The formation o f hydrated aluminum oxide minerals 
(g ib bs ite , boehmite, diaspore) permits the retention  o f aluminum while
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other constituents leach out of the residual deposit. Stamper and
Kurtz (1978, p. 10) summarize the prerequis ites o f  bauxite formation:
Conditions favorable fo r  the formation o f bauxite  
most frequently  occurred in areas and geological 
periods which provided warm, wet clim ates, parent 
aluminous rocks with high perm eability  and ea s ily  
soluble m inerals, good subsurface drainage, and long 
periods o f tectonic s t a b i l i t y  th a t permitted deep 
weathering and preservation of land surfaces.
Bauxitic clays develop on a wide v a r ie ty  o f bedrock types ranging from
mafic to a lk a l in e  igneous rocks, volcanic and aluminous metamorphic rocks.
They also form on c la s t ic  and carbonate sediments (Valeton, 1972).
Several large bauxites o f T e r t ia ry  age occur in association with kaoli n i t i e
clays (Valeton, 1972) and the Wiepa bauxite deposit in A ustra lia  occurs
w ith , and probably developed from, kaoli n i t i e  and arkosic sands (Stamper
and Kurtz, 1978).
The s p e c if ic  s tra t ig ra p h ie  se tt in g  fo r  aluminous clays in the Cherry 
Creek group remains in question. The succession lacks d e f in i t iv e  evidence 
ind icating the d ire c tio n  o f s tra t ig ra p h ie  younging. However, most pre- 
Belt researchers surmise th a t  the sequence in the Ruby Range becomes 
younger towards the northwest (H e in rich , 1960; Okuma, 1971; Garihan, 1973).
G ra n it ic  gneiss o f  great thickness underlies the area southeast of 
the study area. Folding prevents accurate determination o f i t s  thickness, 
but i t  may exceed a k ilom eter. Heinrich (1950, p. 10) estimates a th ic k ­
ness o f about o n e -h a lf  m ile (0 .8  k ilo m ete r).  The top o f the gneiss occurs 
w ith in  a few tens o f meters of the corundum gneiss (35 to 45 meters).
The o rig in  o f  the g ra n it ic  gneiss has generated abundant debate but much
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of the f i e ld  and pétrographie evidence supports a sedimentary o rig in  
fo r  the u n it .  Compositional determinations ind icate  an arkosic sediment 
but i t  occurs in apparently u n lik e ly  association with carbonate rocks, 
thus throwing the exact nature of such a sediment into question (Garihan 
and W illiams, 1976). I f  we can assume a sedimentary p ro to l i th  fo r  the 
g ra n it ic  gneiss, the u n it  f i t s  the setting  regardless o f  the precise nature 
of the sediment.
B io t i te  gneiss, lo c a l ly  garnetiferous, dominates the top of the g ra n it i  
gneiss. Garihan (1973) proposes th a t i t  represents metamorphosed impure 
psammites or f in e -g ra in e d  clayey sandstones (A .G . I . ,  1972). The thickness 
of th is u n it  ranges from 15 to 25 meters. A layer of talcose marble 
fingers in to  b io t i t e  gneiss near the top o f the l a t t e r .  I t  extends north­
east maintaining a f a i r l y  steady thickness o f about t h i r t y  meters.
Marble, varying in character from carbonate to c a lc -s i1ic a te ,  overlies  
the b io t i te  gneiss on a sharp contact and discontinuously underlies the 
corundum gneiss. Thickness varies from zero to twenty meters. A s im ila r  
marble o verlies  the gneiss w ith a maximum thickness o f twelve meters. 
Composition of the marble varies  l a t e r a l l y  and v e r t ic a l ly .
About 75 meters o f hornblende gneiss o verlies  the marble above the 
corundum gneiss. A th in  layer o f amphibolite d ire c t ly  overlies  parts o f  
the corundum la y e r .
The corundum gneiss forms a r e la t iv e ly  th in  and loca lized  un it between 
marble layers (F ig . 9 ) .  I propose th a t i t  represents a metamorphosed,
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Figure 9. Cross section through ridge at the study area. The structurally competent 
corundum gneiss (and hornblende gneiss) behaved as b r i t t le  units and folded 
while the marble underwent plastic deformation, typical of an incompetent unit 
Shear deformation predominated in the b io tite  gneiss.
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impure, aluminous clay layer of varied composition. The map pattern 
suggests a loca lized  body developed in a small topographic basin or an 
irreg u lar surface on carbonate rocks. Corundum occurs in greatest abun­
dance in the th icker parts o f the layer while the thinner parts contain 
l i t t l e  or none. In modern bauxitic  deposits o f s im ilar nature the 
greatest aluminum enrichment occurs in the th ic ke r, well-drained portions 
(Valeton, 1972). Corundum-rich fo l ia  may represent an analog to bauxitic  
clays while fo l ia  composed prim arily  of plagioclase approximate impure 
kaoli n i t i e  clays. The plagioclase rock-type predominates in the thinner 
and marginal areas of the corundum layer. That compositional layering  
is a r e l ic t  sedimentary feature is possible. Heinrich (1960) and Okuma
(1971) suggest that such layering in marble is sedimentary. Bielak (1978) 
noted d is t in c t  quartz ite  pebble layers in a block o f hornblende gneiss.
As noted e a r l ie r ,  the age of the Cherry Creek sequence remains in 
question, but the depositional age c e rta in ly  exceeds 2.5 b i l l io n  years.
The atmosphere and weathering conditions then d iffe red  considerably from 
those of today, distinguished p rim arily  by l i t t l e  or no atmospheric oxygen 
(Cloud, 1968; Siever, 1977). Before the appearance o f abundant oxygen- 
releasing bio logical forms, only minor amounts of O2  became available  
through reactions such as photolysis of H2 O in the atmosphere (Siever, 1977) 
Vigorous and e f f ic ie n t  oxygen-consuming reactions in the lithosphere 
consumed the small amounts of O2  then ava ilab le  (Schidlowski and Eichman,
1977). Reduced carbon in the form of graphite in gneissic rocks and the 
presence o f the banded iron formation (in  the Christensen Ranch quadrangle)
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(Heinrich, 1960) c le a r ly  indicate that p rim itive  l i f e  was well 
established. Climatic and geochemical conditions during much of Archean 
time probably remained monotonous, resulting in common features among 
contemporaneous supercrustal complexes (Salop, 1964). In the absence 
of vegetation, chemical weathering and soil development occurred only on 
f la t - ly in g  areas protected from erosion and deposition of c la s t ic  t e r r i ­
genous sediments. To form the high alumina clays of the corundum-gneiss 
p ro to lith ,  the climate must have been wet and warm fo r an extended period. 
The rate of development of such a clay deposit cannot be determined since 
chemical weathering rates may have varied s ig n if ic a n tly  in a d if fe re n t  
atmospheric regime and absence of vegetation.
The formation of the aluminous clays would have proceeded much l ik e  
analogous deposits of the T e rt ia ry  and Quaternary. The weathering process 
would re ta in  aluminum and titanium  while iron and s i l ic a  would leach 
through the layer (Lepp and Goldich, 1959). However, the b io t ite -r ic h  
corundum gneiss contains abundant iron. This may represent high iron in ­
flux  from the source rocks (such as the iro n -r ich  b io t ite  gneiss) or actual 
iron retention in the clay through the formation of an Fe** -  clay 
mineral, s im ila r  to nontronite. In f lu x  o f minor c las tic  sediments or 
la te r  lack of drainage might explain the excess of CaO, MgO and Na20.
Schwab (1978) notes the Archean sediments in general contain comparatively 
more AlgO^, MgO and Na20 than younger sediments.
CHAPTER V 
METAMORPHISM
Proqrade Metamorphism
Cherry Creek group rocks underwent at least one high-grade regional 
metamorphism accompanied by deformation. Most workers (Okuma, 1971;
Garihan, 1973; Dahl, 1977) estimate that the rocks equilibrated in the 
upper amphibolite facies (system of Hyndman, 1972). I determined the 
equilibrium assemblages in the rocks of the corundum deposit on the 
basis of simple and consistent mineralogy in each unit and lack of textural 
or chemical evidence of in s ta b i l i ty  between coexisting phases.
The equilibrium  assemblages are as follows (with respective units 
in parentheses):
1 ) hornblende + plagioclase + b io t i te  + quartz (ra re ) (hbld. gneiss)
2 ) c a lc ite  dolomite (marble)
3) c a lc ite  + diopside trem olite  (marble)
4) plagioclase + b io t i te  + corundum (corundum gneiss)
5) plagioclase + K-feldspar + b io t i te  + quartz (g ran itic  gneiss)
6 ) plagioclase + K-feldspar + b io t i te  + quartz ^  s il l im a n ite  (b io t i te  gneiss).
Of these assemblages only that o f the b io t i te  gneiss gives a precise 
indication of metamorphic grade. The assemblage may occur in the range
from the s i l  1 imanite-muscovite zone of the amphibolite facies to the 
hornblende-orthopyroxene zone of the g ran u lite  facies but the presence
40
41
of m icroperthite in the orthoclase indicates that conditions straddled 
the boundary between amphibolite facies and granulite  facies. Figure 1 0  
shows the s t a b i l i t y  f ie ld  during maximum metamorphic conditions. Tem­
peratures ranged between 550® and 750® C while pressure varied
between 3 1/2 and 8  k ilobars.
The garnets which occur in the g ra n it ic  and b io t ite  gneisses de­
veloped before maximum metamorphic conditions. In a l l  but one case 
garnet prophyroblasts have embayed and some corroded looking boundaries. 
B io tite  grains commonly pierce the porphyroblasts. At some point during 
prograding metamorphism, the garnets became unstable with respect to the 
developing assemblage. In the Shuswap complex of the Canadian co rd ille ra  
Hyndman (1968, p. 35) notes th a t the pair b i o t i t e - s i l 1imanite developed 
rather than garnet-muscovite or garnet-orthoclase due to a re la t iv e ly  low 
FeO/MgO ra t io  in high grade rocks.
Although amphiboles and b io t i te  retained water throughout metamorphism 
most factors ind icate  undersaturation with respect to water in the over­
a ll  chemical system. I f  P^^Q did equal ^total'^^^^^^^ melting should 
have taken place in the g ra n it ic  gneiss. No p artia l melting features 
exist in or adjacent to the study area. R e la tive ly  high calcium content 
in the plagioclase (compared with that of "common granite" (see Hyndman, 
1972, Fig. 1 -9 ) ,  increases the melting temperature somewhat but in­
formation provided by Winkler (1974, Table 18-3) indicates that the 
difference is less than 20°C. Even minor undersaturation (with respect 
to H2 O) could ra ise the melting temperature enough to prevent melting o f
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Figure 10. S ta b i l i ty  f ie ld  (s tipp led ) fo r Cherry Creek 
rocks during upper amphibolite-lower granulite  
facies metamorphism. The homogeneous K-spar to 
p erth ite  l in e  approximates the boundary between 
amphibolite and granu lite  facies conditions. 
A fte r Hyndman (1972, p. 313).
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the g ra n it ic  gneiss, I estimate (from Figure 3 -3 , Hyndman, 1972, p. 70) 
that a d iffe rence o f one k ilobar, or less, between and Ptotal would 
raise the melting temperature of the gneiss to conditions beyond the 
s ta b i l i t y  f ie ld  in Figure 10. The presence of scapolite in two samples 
of marble indicate that high conditions prevailed, at least loca lly
(Deer and others, 1966, p. 38).
Retrograde Metamorphism
A retrograde metamorphism a ltered  previous metamorphic minerals to 
more hydrated phases. The retrograde minerals represent an assemblage 
of the greenschist facies which encompasses temperatures of 400*C to 
500*C a t pressures of 3 to 8  kilobars P^^^. Muscovite (white mica or 
s e r ic i te ) ,  c h lo r ite  and zo is ite  dominate the retrograde assemblages.
Margarite developed only in association with corundum. The extent of a l ­
teration  varies widely. Some samples underwent complete a lte ra t io n  while 
in others only trace amounts of such minerals e x is t .  Such variation occurs 
even w ith in  the area o f a thin section. The a v a i la b i l i t y  of water was 
the dominant control on the development of greenschist facies minerals, 
and produced the varia tio n  of a lte ra t io n  throughout the rocks.
The lack of metamorphism of lower Paleozoic sediments in the area 
demonstrates that the retrograde metamorphism occurred during the 
Precambrian. King (1976) and Mueller and Cordua (1976) suggest that th is  
event accounts fo r the 1 . 6  to 1 . 7  b .y . metamorphism dates.
CHAPTER VI 
DEFORMATION
Compositional and gneissic layering and schistosity define the
fo lia t io n  which dominates the structure of the study area. The corundum
deposit occurs w ith in  structural domain VI of Okuma (1971) who makes the
following statement on the area (p. 6 6 ) .
With the exception of a few minor folds in marble, gneiss 
and sc h is t, most rocks in domain VI are characterized by 
a homoclinal structure . Careful f ie ld  observations has [s ic ]  
also revealed folds that have t ig h t ly  appressed hinges.
The trend of fo l ia t io n  in th is  domain ranges from N45° E to 
N55° E, and the rocks dip to the northwest at 45 to 70 
degrees.
The s ix ty -s ix  fo l ia t io n  a ttitu des  that I measured vary more than 
Okuma indicates but e s se n tia lly  agree with his data.
At least two sets of folds deform fo l ia t io n .  The e a r l ie r  folds are 
close to t ig h t ,  assymetric, s im ila r  folds (Ramsay, 1967, p. 349). The 
axial planes of these folds s tr ik e  p ara lle l to prevailing fo lia t io n  but 
dip more steeply. Such folds in shallow-dipping to horizontal fo lia t io n  
produce the s tr ik in g  pattern in the central part of the map (1:400)
(Plate 1 ). Fold hinges frac tu red , perhaps an axial plane cleavage, 
making preservation of the hinges rare . Wavelengths of these folds range 
from one to several meters in the corundum gneiss. Later folding along 
NNW to NW bearing axes gently warps fo l ia t io n  and early folds throughout 
the area. The scale o f these folds ranges from tens to even hundreds of 
meters.
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The various rock units behaved in d if fe re n t  manners during deformation. 
The marble, being the most incompetent u n it ,  folded readily  and thickened 
or thinned to accommodate the deformation of other units. B io tite  and 
g ra n it ic  gneiss deformed by shearing p ara lle l  to fo l ia t io n .  The shearing 
ro lled  and fractured feldspar and garnet, bent b io t i te  and smeared out 
quartz. The corundum gneiss behaved as a rather b r i t t l e  unit by folding with 
minimum attenuation of thickness on fold limbs. Hornblende gneiss remained 
a f a i r l y  competent unit throughout deformation.
Contacts between u n its , ra re ly  preserved in surface exposure, are 
generally sharp. Where actua lly  exposed, contacts show concordant to s l ig h t ly  
discordant fo l ia t io n .  An irre g u la r  contact (F ig . n  ) between marble and 
hornblende gneiss (s tru c tu ra l ly  above) has a pronounced discordancy of 
fo l ia t io n  on small (centimeter) scale but on a larger scale (meters) is 
concordant.
A small fa u l t  terminates at the ridge crest on the southwest side of the 
swale. The fa u l t  extends northwesterly fo r  less than a kilometer. By 
sighting along i ts  s tr ike  to the next ridge I estimate i ts  a tt itu d e  to be 
about N45°W /  73*NE. I t  apparently terminates on the ridge at the study 
area with ro tational movement. On the southeast flank of the ridge the 
fa u l t  manifests i t s e l f  as a splay of v e rt ic a l jo in ts  which para lle l and occur 
on s tr ik e  with the fa u l t .  The jo in ts  show well in the marble and especially  
in the g ra n it ic  gneiss. This fa u l t  probably developed during la te  Mesozoic 
to T e rt ia ry  block fa u lt in g .
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Figure 11. Contact between hornblende gneiss and marble 
with approximate trends of fo l ia t io n  indicated 
by lin e s . This exposure occurs below the 
southwest end of the corundum gneiss.
CHAPTER V II  
SUMMARY AND GEOLOGIC HISTORY
Field  relationships and petrology of the Camp Creek corundum deposit 
indicate that an aluminous sedimentary p ro to lith  underwent nearly isochemical 
metamorphism to form the corundum gneiss. The gneiss forms an irre g u la r ,  
concordant layer with sharp contacts. I t  consists prim arily  of plaqioclase, 
corundum, b io t i te  and minor tourmaline in widely varying proportions.
Adjacent b io t i te  gneiss samples indicate that the rocks underwent metamorphism 
in the uppermost amphibolite facies to lower granulite  facies.
Estimates of major oxide compositions indicate a range o f SiOg and 
AI2 O3  values comparable to those of kaolin i t i e  to bauxitic (diaspore) 
clays. Corundum-deficient plagioclase rock represents the former while the 
l a t t e r  formed corundum-rich fo l ia .  Corundum-biotite gneiss represents iron-  
rich clays. Excess CaO, MgO and NagO probably resulted from impurities in 
the clays which developed in a small, i r re g u la r  depression on the surface of 
carbonate sediments. Major geochemical mechanisms would be s im ilar to those 
of the present in spite of d if fe re n t  atmospheric and weathering conditions 
in the Precambrian atmosphere.
The following geologic h is tory is based on f ie ld  and pétrographie in ­
formation from the study area.
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Precambrian W 
(Archean)
Precambrian W 
to X (Archean 
to Aphebian)
1) Deposition of arkosic composition sediments la te r  
to become "D illon Granite gneiss" (assuming unproven 
sedimentary o rig in . Garihan and Williams, 1976).
2) Deposition of Cherry Creek group sediments and vol-  
canics. Basalt flows in sequence (amphibolites - see 
Bielak, 1978). The development of clays (corundum gneiss; 
also si 1 1 im anite-rich schists?) records a period of 
subaerial exposure in a warm, wet clim ate, with local 
erosion or non-deposition and tectonic s ta b i l i ty  as 
aluminous clays developed.
3) Renewed periods of deposition producing a sequence 
dominated by carbonates and mafic sediments (?) (marbles 
and hornblende gneisses respectively).
4) Deformation and metamorphism. The sediments may have 
suffered m ultip le  metamorphism. Most of the deformation 
probably preceded the peak of metamorphism which produced 
temperatures o f  550° to 750° C at pressures of 3 1/2 to
8  k ilobars . Minor deformation followed maximum meta­
morphism. A long period of very gradual cooling and 
pressure reduction may have followed. Ultramafic rocks 
may have been tec to n ic a lly  emplaced in the Cherry Creek 
sequence during the early  stage deformation (Desmarais,
1978).
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5) Retrograde metamorphism. Maximum conditions reached the 
greenschist facies. The corundum gneiss underwent ex­
tensive a lte ra t io n .
Precambrian Y 
(H elik ian)
6 ) U p l i f t  of D illon block to become the source of Beltian  
sediments. Erosion of pre-Beltian rocks at considerably 
higher structural level than Camp Creek corundum gneiss.
7) Intrusion of diabase dikes. The dominantly northwesterly 
trend probably resulted from intrusion along pre-existing  
planes of weakness.
Latest Precam- 8 ) Erosion followed by deposition of Paleozoic sediments 
brian to
Mesozoic unconformably on Cherry Creek group. (Klepper, 1950; 
Tysdal, 1976).
Late Mesozoic 9) Laramide orogeny. Block fa u lt in g  raised the Ruby and 
and T ertia ry
adjacent ranges (Klepper, 1950; Tysdal, 1976). Erosion.
Post-
Tertia ry
10) Erosion of overlying Phanerozoic rocks and pre-Belt 
metamorphics to the present landscape.
"  - “ I
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APPENDIX
L is t of hand specimens and thin sections on f i l e  in the University of  
Montana, Department of Geology pétrographie co llec tion .
U.M. No. Rock Type Thin Section
4819 Corundum-biotite gneiss X
4820 Corundum-plagioclase gneiss X
4821 Corundum-plagioclase gneiss X
4822 Corundum-plagioclase gneiss
4823 Corundum-plagioclase gneiss
4824 Corundum-plagioclase gneiss
4825 Feldspathic (plagioclase) gneiss X
4826 Corundum-biotite gneiss X
4827 Corundum-plagioclase gneiss X
4828 Diabase X
4829 Carbonate marble X
4830 C a lc -s i l ic a te  (diopside) marble X
4831 Serpentinlzed diopside marble X
4832 G arnet-b iotite-gneiss X
4833 G ranitic  gneiss X
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